Average charged multiplicities have been measured separately for b, c and light quark (u, d, s) events from Zo decays at SLD. Impact parameters of charged tracks were used to select enriched samples of b and light quark events, and reconstructed charmed mesons were used to select c quark events. We measured the charged multiplicities: PHY-91-13428 (UCSC), PHY-89-21320 (Columbia), , PHY-8817930 (Rutgem), PHY-88-19316 
.
Introduction
Studies of heavy quark (Q=c,b) systems provide important tests of the theory of strong interactions, quantum chromodynamics (QCD). A large quark mass MQ > AQCD, where AQCD is the QCD interaction scale, provide a natural cutoff in the parton shower evolution. This cutoff keeps the relevant space-time region compact enough to avoid the non-perturbative domain of the strong interaction. On the Zo resonance, where the center-of-mass energy ECM >> MQ > AQCD, one can expect a good description of many inclusive properties of hadronic jets by perturbative QCD. The difference in average charged multiplicity (&Q) between heavy quark and light quark (u,d,s) events is particularly interesting. Within the context of perturbative QCD in the modified leading logarithm approximation (MLLA) [l, 21, the emission of gluons from quarks is suppressed in the forward direction 8 < 8 0 = MQ/EQ. This region of suppressed radiation is known as the "dead cone" (23. Further invoking the hypothesis of local parton hadron duality (LPHD) [3] , this effect is then expected to manifest itself in a suppression of particle production accompanying the leading heavy hadron.
In particular, it is expected that the difference between the average charged multiplicity in light quark events and the average charged multiplicity of non-leading hadrons in heavy quark events should be independent of center-of-mass energy. A test of this hypothesis provides the opportunity to verify an accurate prediction of perturbative QCD, and to probe the validity of perturbative calculations down to the scale M$ firtherrnore, MLLA QCD + LPHD predicts &Ec ' i i C -7 i = 1.7f0.5 and SEb E Eb---= 5.5 f 0.8, independent of center-of-mass energy [2] . Recently, in an alternative approach, Petrov and Kisselev have evaluated these quantities at the 2 ' energy and found 6Ec = 1.01 and 67ib = 3.68 assuming M,=1.5 GeV/c2 and Mb=4.8 GeV/c2 [4] .
We reported the results of our measurement of the charged multiplicity of 2" -+ events in [5] 
Apparatus and Hadronic Event Selection
The e+e-annihilation events produced at the Z0 resonance by the SLAC Linear Collider (SLC) have been recorded using the SLC Large Detector (SLD). A general description of the SLD can be found elsewhere [SI. The trigger and selection criteria for -isolating 2" boson decays are described elsewhere 171.
The analysis presented here used the charged tracks measured in the central drift chamber (CDC) [8] and in the vertex detector (VXD) [9] . A set of cuts was applied to the data to select well-measured tracks, which were used for multiplicity counting, and events well-contained within the detector acceptance. The well-measured charged tracks were required to have (i) a closest approach transverse to the beam axis within 5 cm, and within 10 cm along the axis from the measured interaction point; (ii) a polar angle 8 with respect to the beam axis within I cos8 I< 0.80; and (iii) a momentum transverse to the beam axis p l > 0.15 GeV/c. Events were required to have (i) a minimum of seven such tracks; (ii) a thrust axis [lo] All impact parameters used in this analysis were for tracks projected into the plane perpendicular to the beam axis, and were measured with respect to an average primary vertex. The average primary vertex was derived from fits to -30 sequential hadronic events close in time to the event under study, with a measured precision of QPV = (7 & 2)pm. The impact parameter 6 was derived by applying a sign to the distance of closest approach such that 6 is positive when the vector from the primary vertex to the point at which the track intersects the thrust axis makes an acute angle with respect to the track direction. Including the uncertainty on the average primary vertex the measured impact parameter uncertainty 08 for the overall tracking system approaches 11 pm for high momentum tracks, and is 76 pm at p l m = l GeV/c.
Selection of Flavor-Tagged Samples
We divided each event into two hemispheres separated by the plane perpendicular to the thrust axis. We then applied three flavor tagging techniques to each hemisphere. In order to reduce potential tagging bias we measured the average charged multiplicity in hemispheres opposite to those tagged. Impact parameters of charged tracks were used to select enriched samples of & or light quark hemispheres, and reconstructed charmed mesons were used to select c quark hemispheres, where charge-conjugate states are also implied.
In each hemisphere we counted the number of "impact parameter quality" tracks Table   1 shows the number of light and b quark tagged hemispheres and flavor compositions estimated from the simulation for each tagged sample.
The impact parameter method does not provide a high-purity sample of c quark events. For this purpose we required at least one prompt D*+ or D+ meson1 reconstructed in a hemisphere. This tag is described in detail in [15]. The D'+ mesons were identified using the decay D*+ + r:Do, where nd+ is a low-momentum pion and the Do decays via Do 4 K'n+ ("three-prong"), Do + K-?r+ro ("satellite"), or Do 4 K'n+n+n-('%e-prong") modes. The D+ mesons were indentified using the decay mode D+ + K-r+n+. D meson candidates were formed from all conbinations of well-measured tracks with at least one VXD hit. Do candidates were formed by combining two (for "three-prong" or "satellite" lCharge-conjugate cases are dways implied.
. modes) or four (for %e-prong" mode) charged tracks with zero net charge, and by assigning the K-mass to one of the particles and ?r+ mass to the others. All tracks forming Do candidates were required to have p >1 GeV/c.
We required (i) the mass of the candidate Do to be in one of the ranges 1.765 GeV/c2 < M,"*" <1.965 GeV/c2 ("three-prong"), 1.815 GeV/c2 < MSnd* ~1 . 9 1 5 GeV/c2 ("five-prong"), or 1.500 GeV/c2 < Mgccond. ~1 . 7 0 0 GeV/c2 ("satellite"), (ii) 1 cos 8* I < 0.9, where 8* is the angle between the direction of the Do in the laboratory frame and the K-in the Do rest frame, (iii) a mass difference A M = Mg2d -M%d ~0.15 GeV/c2, and (iv) a x2 probability>l% for a constrained vertex fit to the D+ + K-x+x+ candidates were formed by combining two tracks of the same sign with one track of the opposite sign, where all three tracks were required to have p >1
GeV/c. The two like-sign tracks were assigned ?I+ masses and the opposite sign track was given the K-mass. A series of cuts was applied to reject background. We required (i) xg+ > 0.4, (ii) cos@ > -0.8, (E) the mass Werences between M(K-?r+x+) and
M(K-?r+)
were formed for each of the two pions and were required to be greater than 21n the Monte Carlo simulation the rates of the Do -+ Kr and Do -+ K m o modes were adjusted to match the data in Fig. 2 . The uncertainties on these rates were included in the systematic errors. 0.16 GeV/c2, (iv) L/at > 3.0 for the D+ decay length, and (v) the angle between the Df momentum vector and the vertex flight direction to be less than 5 mrad in sy and less than 20 mrad in TZ. After all selection criteria, D+ + K-lr+sr+ candidates fall in the mass range 1.800 GeV/c2 < M(K'w+.lr+) <1.940 GeV/c2. 
. Measurement of Charged Multiplicities
Well-measured charged tracks defined in section 2 were counted in the hemispheres opposite to those tagged. (j # uds) is the ratio of the average number of measured charged tracks originating from the decay products of j-hadrons in hemispheres opposite to i-tagged hemispheres, ,to the average number of tracks originating from the decay products of j-hadrons; C$ ( j # uds) is the ratio of the average number of measured charged tracks originating from the non-leading particles in j-quark hemispheres opposite to i-tagged hemispheres, to the average number of tracks originating from non-leading particles in true j-quark hemispheres. The constants C were estimated from the Monte Carlo simulations and account for the effects of detector acceptance and inefficiencies, and for biases introduced by the event and tagged-sample selection criteria. The constants P were taken from Table 1 . We have included in the generated multiplicity any prompt charged track with mean lifetime greater than 3 x 10-los, or any charged decay product with mean lifetime greater than 3 x 10-los of a particle with mean lifetime less than Because of the exclusion of tracks with very low momentum or large 1 COS^), the constants Cia, C?' and C$ are dependent on the model used to generate Monte Carlo events. The fraction of tracks satisfying the c'well-measured" criteria was found to be different between data and Monte Carlo. This is primarily due to a simplified simulation of the dependence of the CDC hit efficiency and resolution. The Monte Carlo was corrected to yield the proper fraction of charged tracks by randomly removing 2.9% of the tracks. The dependence of the correction on track p~, cos0, azimuthal angle and the angle with respect to the jet direction, was found to be small [14] . The resulting values for the constants C are listed in Table 2 . separately as a c quark hemisphere tag. Finally, statistical effects from the limited Monte Carlo sample size were considered. These errors were added in quadrature to obtain a total systematic error due to detector modelling, shown in Table 3 .
In order t o estimate the q-stematic errors due to uncertainties in modelling b and c fragmentation we used an eyent re-weighting scheme to vary the multiplicity distributions in the Monte Carlo simulation and to obtain modified values of the constants C and P. We also account for the adjustment of the production cross section and branching fractions for the Do + Kw and Do + K m o modes in the Monte Carlo by considering the errors on the relative fractions of these modes. Systematic uncertainties due to B and C hadron modelliig are summarized in Table 4 .
Summary and Conclusion
Combining systematic uncertainties in quadrature we obtain: 
